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Abstract: The frequency of diabetes has risen considerably in recent 
decades. Plants including Cichorium intybus, Nigella sativa, and Phaseolus 
vulgaris have been demonstrated to have beneficial effects on health due to 
their chemical composition. They are rich in bioactive compounds with a 
hypoglycemic role such as flavonoids (quercetin, rutin), terpenoids 
(lactones, triterpenes, sesquiterpene), saponins (soyasaponin A, soyasaponin 
B), inulin, essential oils (p-cymene, pinene, 4-terpineol), phytochemicals 
(thymoquinone), phenolic compounds (catechin, epicatechin, gallic acid, 
caffeic acid, ferulic acid), amino acids (proline, lysine, isoleucine), sterols 
(glycoside), alkaloids, or tannins. As a result, their usage in the production 
of functional foods and pharmaceuticals is constantly rising. The purpose of 
this research is to demonstrate the significance of these plants by describing 
their chemical composition and the benefits they provide. 
 




Diabetes mellitus is one of the most common chronic diseases of this 
century and is characterized by hyperglycemia, an increase in blood glucose 
levels above normal limits (>125 mg/dL while fasting) (Sharma, 2021). 
Worldwide, the number of deaths caused by this disease is currently 
approaching 5 million. But the most worrying aspect about this illness is the 
speed with which it spreads; specialists have estimated that by 2035, 1 in 10 
people will suffer from diabetes (Wolde et al., 2020).  
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Several conventional drugs are used to control and treat diabetes, but 
a special attention has recently been paid to natural products obtained from 
certain vegetables and medicinal plants. These have the advantage of being 
less invasive and are considered to have anti-diabetic properties due to the 
bioactive compounds contained (flavonoids, alkaloids, phenolic compounds, 
or glycosides) (Salleh et al., 2021). Among the plants that help at prevention 
and therapy of this illness are Cichorium intybus, Phaseolus vulgaris, 
Nigella sativa, Citrullus colocynthis, Allium sativum, Capsicum frutescens, 
Lupinus albus, Amaranthus spinosus, and other (Al-Aboudi and Afifi, 2011; 
Patel et al., 2012; Tran et al., 2020).  
Due to their ability to increase insulin secretion or limit the 
absorption of glucose in the intestine, these plants could form the basis of a 
diet for patients with diabetes (Salehi et al., 2019). Innovative and 
functional products are beginning to occupy an important segment of the 
market, being highly appreciated by consumers. Medicinal plants could 
have many potential applications in the food industry, it can be used to 
obtain jams, juices, teas, syrups, ice cream, candies, jellies, yogurt, bread, or 
bakery products (Ismail Iid et al., 2020). 
The purpose of this review is to reveal the importance of the 
consumption of plants with hypoglycemic effect, namely Cichorium 
intybus, Nigella sativa, and Phaseolus vulgaris, due to their content in 
biologically active compounds and also to identify their applicability in the 
food industry. 
 
Plant characteristics and uses 
Chicory (Cichorium intybus L.) is a plant with origins in Europe, 
Asia, and North Africa, and was used since antiquity for its medicinal 
properties. It is part of the Asteraceae family and is an erect glandular 
biennial plant. It is currently found in large areas around the globe, and in 





Fig. 1 Cichorium intybus L.  
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Source: Khan et al., 2020 
Chicory is available in a wide variety of foods because all parts of 
the plant can be consumed. The root is the most used part of the plant due to 
its high oligosaccharides content (inulin). Because of its bitter flavor, it is 
baked, roasted, or dried before being ground and utilized in foods with 
therapeutic potential or as a coffee substitute. Teas and salads are prepared 
using the leaves and flowers, and also chicory extracts are used for alcoholic 
beverages (Nwafor et al., 2017). 
Black cumin (Nigella sativa L.) is a spicy cultivated mainly in 
countries such as Turkey, India, Iran, Albania, Greece, Egypt, and Saudi.  
The seeds contain significant amounts of thymoquinone, carvacrol, thymol, 
thymohydroquinone, nigellidine, nigellicine, and α-hederin; which turns it 
into a medicinal plant with important health benefits. It is recognized for its 
antidiabetic, anticancer, antioxidant, anti-inflammatory, antimicrobial, 
cardioprotective, and immunomodulatory effects (Hannan et al., 2021).  
This aromatic herb is widely used in the gastronomy and food 
industry. The seeds are used to flavor a wide range of products, such as 
salads, cheeses, yogurts, sauces, pickles, and bakery products. At the same 
time, the volatile and fixed oils extracted from seeds are used in the 
composition of different functional foods and pharmaceuticals products 




Fig. 2 Nigella sativa L.  
Source: Adapted from Hannan et al., 2021  
 
Common Bean (Phaseolus vulgaris L.) is a leguminous plant of the 
Fabaceae family, and it is native to America. The annual output is 12 
million metric tons, being one of the most consumed leguminous plants, 
recognized for its huge nutritive potential. In Latin America and East Africa, 
it can be considered a staple food because for about 300 million people it 
includes 65% of the total protein consumed (Petry et al., 2015).  
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In recent years, the use of atypical flours to obtain bakery products 
has begun to increase; flour obtained from beans was used to make bread 
due to its nutritional properties. It is rich in protein, fiber, and micronutrients 
such as phosphorus, iron, folic acid, and vitamin B (Hayat et al., 2014). 
Although, dough with flour bean has lower rheological properties 
(extensibility and resistances) thus needing some optimizations; in terms of 
nutritional properties, a significant increase is observed (Manonmani et al., 
2014; Hoxha et al., 2020) 
 
Chemical composition and compounds with anti-diabetic activity 
Over 1000 plants have been identified as having hypoglycemic 
properties. As a result, in recent years, the use of their extracts and isolated 
bioactive components for the treatment of diabetes has increased. 
Polysaccharides (moran, panaxan, trichinas, coixan), terpenoids (saponins), 
flavonoids (quercetin), sterols (glycoside), and alkaloids are the most 
significant constituents with anti-diabetic properties (Mousavi et al., 2016). 
The content in proximate nutrients and minerals of the three selected 
plants is presented in Table 1. 
 
Table 1 
The approximate chemical composition for chicory root, common bean, and black 
cumin 







Moisture content 75.631 - - 
Protein 4.651 242 26.73 
Lipid  1.691 1.62 28.53 
Total carbohydrates 89.411 61.32 24.93 
Crude fiber 5.121 2.22 8.43 
Ash 4.251 4.62 4.83 
Minerals (mg/100g) 
Iron  1.771 9.024 42.65 
Copper 0.361 1.094 1.55 
Potassium 103.701 16304 1498.35 
Calcium 181.261 1804 366.75 
Sodium 67.421 7.54 44.85 
Magnesium 20.141 1804 355.25 
Manganese 0.311 1.424 3.15 
Zinc 0.391 3.434 6.75 
References: 1 - Nwafor et al., 2017; 2 - Los et al., 2018; 3 - Srinivasan, 2018; 4 -  




Fixed and volatile oils are two of the most important bioactive 
components identified in black cumin. Seeds include > 30% fixed oils and 
up to 0.45% volatile oils, with 32 chemicals and 8 fatty acids found in their 
composition (Mathura et al., 2011). Thymoquinone is the major (up to 50%) 
active compound of oil from Nigella sativa that aids in the treatment of 
diabetes; it plays a role in lowering blood sugar levels, stimulates insulin 
secretion, increases glucose tolerance, reduces appetite and weight (Mathura 
et al., 2011). Other compounds of great importance that are found in 
essential oils are p-cymene (40%), pinene (15%), 4-terpineol (2%-7%), 
carvacrol (6 – 12%), thymol, thymohydroquinone, dithymoquinone, 
carvone, and citronellol (Ahmad et al., 2013; Mollazadeh et al., 2017). 
In addition to oils, in Nigella sativa are other compounds of interest 
such as proteins (22.7%), amino acids (leucine 6%, isoleucine 3.69%, lysine 
3.86%, threonine 3.86%, phenylalanine 3.70%, valine 4.77%, cystine 
2.47%, serine 4.50%, proline 4.88%, tyrosine 3.43%), crude fiber, reduced 
sugars, alkaloids, tannins, saponins, vitamins (thiamine, niacin, folic acid, 
vitamin C), and minerals (iron, zinc, phosphorus, potassium, calcium)          
(Mollazadeh et al., 2017; Kabir et al., 2019). The unsaturated organic acids 
found from seeds are linoleic acid (55%), oleic acid (20%), dihomolinoleic 
acid (10%), and eicosadienoic acid (3%); and saturated fatty acids are 
palmitic acid (14%) and stearic acid (3%) (Mollazadeh et al., 2017). 
The chemical composition of common beans varieties greatly 
depends on the variety and growing conditions. Thus, the carbohydrate 
content (its largest constituent) can have values between 50% and 70%, and 
starch between 32 and 52%. In terms of fiber content, common beans 
contain up to 3 times more compared to other staple foods. At the same 
time, beans are an important source of protein (17 - 30%); of these 
deserving be mentioned α-amylase inhibitor which helps digestion of starch 
and decreases glucose absorption, and phytohemagglutinin which has a role 
in reducing appetite (Ramírez-Jiménez et al., 2015; Los et al., 2018).  
Other constituents with importance for human health are saponins 
(Soyasaponin A, soyasaponin B) 6.79 - 20.83 mg/g and phytosterols, mostly 
β-sitosterol 0.272 - 0.865 mg/g (Ramírez-Jiménez et al., 2015). Flavonoids, 
phenolic acids, anthocyanins, tannins, isoflavones, and flavanones are a part 
of phenolic compounds that are found in Phaseolus vulgaris. Depending on 
the variety, one study reported the following value margins for phenols: 
ferulic acid 1.7 - 21.5 mg/kg, catechin 10 - 614.3 mg/kg, epicatechin 17.7 - 
279.2 mg/kg, syringic acid 3.7 - 12.6 mg/kg and gallic acid 3.1 - 7.1 mg/kg 
(Los et al., 2018). 
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83% of the total fatty acids in beans are represented by linoleic and 
linolenic acid. Due to large amounts of omega 3, a polyunsaturated fatty 
acid, the ratio between omega-6 and omega-3 is quite low, which can turn 
into a possible health benefit (Los et al., 2018).  
Roots, leaves, herbs, and flowers of chicory contain a wide variety of 
chemical compounds. But, the most commonly used part is the root which is 
rich in inulin, around 68% fresh root and 98% dry root, a polysaccharide 
that is composed of fructose. Other compounds contained of fresh root are 
protein 4 %, cellulose 5%, sucrose 14%, ash 4%, and other constituents 3% 
(Nwafor et al., 2017). Like the other two plants described above, chicory 
contains bioactive compounds such as saponins, terpenoids (lactones, 
sesquiterpene, triterpenes), tannins, alkaloids, volatile oils, cardiac 
glycosides, amino acids (tyrosine, leucine, lysine, arginine, valine, aspartic 
acid) phytosterols,  and fatty acids (Epure et al., 2021; Janda et al., 2021). 
The level of total phenolic content in chicory extract is 20.0 GAE/g-1 
dry extract. Some of the compounds are found in the following 
concentrations: caffeic acid 35.22%, m-coumaric acid 27.90%, p-coumaric 
acid 25.03%, chlorogenic acid 17.84%, p-hydroxybenzoic acid 11.04%, 
protocatechuic acid 2.50%, and isovanillic acid 1.97% (Nwafor et al., 2017). 
According to two abovementioned studies that analyzed chicory 
from different regions of Italy, the level of chicory acid in the plant has 
values between 0.33 and 1.53 mg cichoric acid/g dry weight; which means 
10-15% of the total polyphenols (Epure et al., 2021). In terms of essential 
oils, the following are found in chicory root: octane 34,3–69.8%, pentenyl 
salicilate 4.8–22.7%, n-hexadecane (1.7–18.1%), (2E,4E)-decadienal 2.2–
3.4%, n-eicosane (2.1–5.1%), tetradecanal 1.1–2.7%, (2E)-undecenol 
acetate 1.3–1.9% and (2E)-tridecanol 0.5–2.6%, and other (Janda et al., 
2021). 
Therefore, it can be concluded that the chemical composition of 
these plants is very complex which turns them into plants with huge 
therapeutic potential. They are safe to be consumed and due to bioactive 
compounds can have a multitude of beneficial effects on human health. As a 
result, the attention they receive from consumers and pharmaceutical 
companies is constantly growing and their use in various functional 
products has increased. 
 
Benefits for human health and anti-diabetic mechanisms 
Medicinal plants are recognized for their beneficial effects in the 
prevention and treatment of illnesses such as cancer, neurologic disorders, 
cardiovascular diseases, inflammation, and obesity; many of these effects 
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being due to their antioxidant capacity (Eddouks et al., 2014). A similar 
thing happens in the case of diabetes, where one of the pathogenic 
mechanisms involves the generation of oxidative stress and boosts the 
formation of free radicals. Antidiabetic plants inhibit these oxidative 
processes by decreasing the formation of hydroperoxide, reducing the 
production of reactive oxygen species, scavenging free radicals, and 
quenching electronically excited compounds (Oyagbemi et al., 2014). 
A study conducted on diabetic rats showed that inulin extracted from 
chicory has the ability to ameliorate glycolipid metabolism, decrease blood 
glucose level, and improve glucose absorption in C2C12 (rat myoblast) and 
HepG2 (human hepatoma) cells. Inhibition of the JNK (c-Jun amino-
terminal kinase) and P38 MAPK pathways, two stress-induced kinases 
reported to be substantially active in diabetic conditions, is thought to be the 
mechanism behind these actions (Ning et al., 2017).  
A study examined the effects of a chicory seed extract on rats with 
mild and severe diabetes for four weeks. As a result of the experiment, it 
was found that chicory helped to lose weight and decreased fasting blood 
sugar (FBS). A decrease was also noticed in the levels of total cholesterol, 
total protein, glycosylated hemoglobin, and activities of alanine 
aminotransferase. In conclusion, chicory extract showed short-term effects, 
2 hours, in terms of the glucose tolerance test and long-term effects, 28 
days, on diabetes mellitus (Ghamarian et al., 2012). 
Another way by which chicory demonstrates its antidiabetic effects 
is its capacity to inhibit the activity of the enzyme glucose-6-phosphatase in 
the liver. This enzyme has an essential role in blood glucose homeostasis 
being proven that its activity is increased at diabetics (Nowrouzi et al., 
2017). 
Thymoquinone is the major bioactive compound found in black 
cumin. Thus, the seeds of this plant have been widely used over time to treat 
and prevent diseases such as diabetes, cancer, viral and bacterial infections, 
infertility, neurological and mental illness, cardiovascular disorders, and 
inflammatory conditions (Yimer et al., 2019). 
Into research realized on rats with induced diabetes revealed as 
streptozotocin (STZ - an antineoplastic agent which is incredibly dangerous 
to the pancreas' insulin-producing beta cells) produced a weight loss starting 
with week three of the experiment due to decrease of availability of glucose 
and amino acids to the body cells. The serum level of insulin was minimized 
as a result of STZ actions on β cells. Also, black cumin oil was improved 
lipid profile, histopathological picture, and hepatic glycogen contents 
(Abdelrazek et al., 2018). 
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In a clinical experiment, 94 subjects were received capsules with 
Nigella sativa in doses of 1,2, and 3g per day for three months. In the end, it 
was found that the dose of 2g/day helps to decrease blood glucose level 2 
hours postprandial, glycosylated hemoglobin with 1.5% and fasting blood 
glucose with a mean of 45, 62, and 56 mg/dl at 4, 8 and 12 weeks (Bamosa 
et al., 2010). 
Like the other two species, the common bean also has some health 
benefits. Studies have shown that it helps to reduce postprandial glucose 
elevations, the mechanism of action for this fact can be attributed to the 
chemical composition rich in protein, amylose from starch, viscous fiber, 
and antinutrients; but also, to processing methods that change the physical 
form of the beans (Hutchins et al., 2012; SV et al., 2012; Loi et al., 2013). 
A research followed the effects of indigestible carbohydrates from 
brown beans in connection with cardiometabolic risk indicators and 
appetite-regulating hormones. The study was performed on 16 healthy 
adults who consumed Swedish brown beans (boiled) at dinner into an 
amount that summed up to 35 g of starch per portion. The tests showed that 
this diet led to a decrease in blood glucose with 15% and a 16% lower 
insulin response (Nilsson et al., 2013).  
An investigation in which subjects with metabolic syndrome ate a 
meal based on black beans provided positive results. It has been found that 
the introduction of this food in the diet decreased concentrations of 
postprandial insulin; two of the factors that influence this action being the 
fiber content and the antioxidant capacity of bioactive compounds (Reverri 
et al., 2015).  
Finally, we can conclude that the results of these studies are an 
important basis in the production of functional foods and nutraceuticals. 
Also, more detailed and in-depth studies on the chemical constituents are of 




The prevalence of diabetes mellitus is constantly growing. 
Moreover, it is also a factor of risk that can lead to stroke, heart diseases, 
blindness, or kidney failure. As a result, finding methods to help control it is 
a real necessity. 
Plants with medicinal properties have been utilized to treat a variety 
of affections since ancient times. Currently, numerous studies have 
recognized their beneficial effects. Cichorium intybus, Nigella sativa, and 
Phaseolus vulgaris confirmed their position as plants that can help to 
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prevent and treat chronic diseases. In principle, their mechanism of action is 
based on their chemical composition rich in proteins, dietary fibers, 
vitamins, minerals, fatty acids, alkaloids, polyphenols, saponins, and much 
more. 
The market for functional and innovative products has grown 
significantly in recent years. Also, the trend of using non-conventional 
ingredients in the food industry is very current. The introduction of these 
beneficial plants in the food sector should be the next step towards a healthy 
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